Introduction: In patients with rheumatoid arthritis (RA), combination treatment with
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic, progressive, autoimmune disease characterized by inflammation of the synovial membrane of the joints. Uncontrolled inflammation can lead to erosion of the bone and cartilage, permanent damage and functional impairment of the joints, and may have systemic effects on the cardiovascular system, lungs, and skin. RA affects approximately 0.5-1.0% of the general population, with women being affected more frequently than men [1] . RA is globally ranked among the top 50 disabilities and the disabilityadjusted life years increased from 3.3 million in 1990 to 4.8 million in 2010 [2] , which indicates an increased loss of years due to poor health, disability, or death.
Patients with RA experience a reduced quality of life compared with the general population, and the disease affects patients physically as well as psychologically. Functional disability may result in a reduced ability to work and participate in daily activities. RA patients also experience an increased prevalence of depression [3] , and reduced sleep quality compared to the general US population [4] . Reduced ability to do one's job, fewer hours worked, lower productivity, and loss of paid employment place an economic burden on both patients and society [5] [6] [7] [8] .
RA can be effectively controlled using synthetic or biological disease-modifying antirheumatic drugs (DMARDs), alone or in combination. The long-term goal of RA treatment is to maximize patients' quality-of-life [9] , and the value of the patient's perspective in assessing treatment efficacy is being increasingly recognized by collecting data on patient-reported outcomes (PROs). PROs can measure intangible effects on quality of life, pain, and fatigue, thus complementing traditional physician assessments. Recognizing the relevance of PROs to the patient, there has been a trend towards regulators requesting more of this information.
Methotrexate (MTX) is a recommended firstline treatment for patients with moderate-toseverely active RA [9, 10] . In the case of patients who have an inadequate response to MTX (MTX-IR) [11] , treatment may be modified by addition of another synthetic DMARD or a TNF-inhibitor, such as adalimumab. Although adalimumab and MTX are known to have synergistic effects, the MUSICA trial aimed to evaluate the ideal dose of MTX needed in this setting. In particular, MUSICA evaluated the effects of initiating adalimumab treatment in combination with reduced (7.5 mg/week) and high (20 mg/week) MTX doses in MTX-IR RA patients, who were receiving prior MTX (at least 15 mg/week) [12] . The primary endpoint was week-24 mean 28-joint disease activity score based on C-reactive protein (DAS28 [CRP] ) to test non-inferiority of lowdosage MTX to high-dosage MTX. Here we report the effects of treatment on PROs such as physical functioning, quality of life, work productivity and activity impairment, sleep quality, sexual impairment due to RA, and satisfaction with medication.
METHODS

Patients and Study Design
MUSICA (NCT00185288) was a randomized, double-blind, controlled, 24-week trial enrolling 309 patients, at least 18 years of age, with active RA symptoms. At baseline, patients were required to have DAS28(CRP) C 3.2. At screening or baseline, patients must have had C 5 swollen joints out of 66 joints assessed and C 5 tender joints out of 68 joints assessed. Patients must have received a stable MTX dose of at least 15 mg per week for at least 12 weeks prior to screening, and must have had an inadequate response to MTX. Enrolled patients were required to be adalimumab-naïve and up to 10% of patients were allowed to have prior treatment with one biologic. Patients were stratified based on incoming MTX dosage and randomized 
Patient-Reported Outcomes
The PROs were recorded at each study visit, from baseline to week 24, using an Electronic PRO (ePRO) tool (CRF Health, Lansdale, PA, USA), or paper questionnaires. Physical functioning was assessed using the health assessment questionnaire-disability index (HAQ-DI), which measures the degree of difficulty experienced by patients while performing common activities such as dressing, grooming, hygiene, arising, eating, walking, reaching, gripping, and doing chores. HAQ-DI scores range from 0 (no disability) to 3 (severe disability); the minimum clinically important difference (MCID) is defined as a decrease from baseline of C 0.22 [13] .
Health-related quality of life (HRQoL) was measured using the Short-Form 36 version 2 (SF-36 v2) questionnaire, which is composed of eight subdomains: physical functioning, role limitations due to physical health, bodily pain, general health perceptions, vitality, social functioning, role limitations due to emotional health, and mental health. Further, these eight subdomains of SF-36 can be translated into two summary scores, i.e., physical component summary (PCS) and mental component summary (MCS), which are normalized to US general population level with a mean of 50 ± 10. Together, the normalized scores of PCS and MCS range from 0 to 100; higher scores indicate better health. The MCID are defined as an increase of 5 points for the summary SF-36 score or 2.5 points for the PCS and MCS individually [14, 15] .
Work productivity and regular activity impairment were measured using the work productivity and impairment (WPAI) questionnaire [16] , which is composed of six questions relating to presenteeism (percent impairment while working), absenteeism (percent work time missed or working hours missed due to RA), overall impairment (absenteeism plus presenteeism), regular activities impairment (percentage activity impairment). The measured impairment ranges from 0 to 100%, with higher scores indicating greater impairment. In this study, work absenteeism-percent time is expressed in terms of working hours missed due to RA [17] .
Satisfaction with treatment medication was assessed using the Treatment Satisfaction Questionnaire for Medication (TSQM) Version 1.4, which is composed of 14 items to derive four subdomains: efficacy, convenience, general satisfaction, and side effects. Scores range from 0 to 100, with a higher score indicating greater satisfaction. Patient Global Assessment of disease activity (PGA) and Patient Global Assessment of pain (PGA-pain) were assessed using a visual analog scale (VAS) from 0 to 100 mm.
Statistical Analysis
Two types of comparisons were conducted. First, the mean change for each PRO from baseline to week 24 was calculated and tested using t test separately for the low-and highdosage MTX groups. Second, differences in mean changes in PROs at week 24 between the low-and high-dosage MTX groups were compared using analysis of covariance (ANCOVA) including baseline values in the model. Last observation carried forward (LOCF) was used to account for missing values. The relationship between improvements from baseline to week 24 in fatigue (represented by SF-36-vitality), PGA-pain or HAQ-DI and corresponding improvement in WPAI-presenteeism were assessed by Pearson's correlation coefficients. The correlation of physical or mental well-being with sleep was assessed by calculating Pearson's coefficient for SF-36 PCS or SF-36 MCS with each individual subdomain of the MOS Index II. The correlation of disease activity with HAQ-DI, SF-36 PCS/MCS, TSQM, and WPAI was also assessed by Pearson's coefficients.
RESULTS
Three-hundred and nine patients were randomized in MUSICA, 154 patients in the 7.5 mg/week MTX plus adalimumab group, and 155 patients in the 20 mg/week MTX plus adalimumab group. The mean age at baseline was 54.8 years, and patients were predominantly female (74.8%). Patients had established RA (mean disease duration of 5.3 years) and high disease activity, indicated by a mean DAS28(CRP) score of 5.8. The mean duration of MTX treatment prior to the study was 1.5 years.
There were no significant differences in baseline demographics, disease characteristics, and PROs between the two MTX dosage groups (Table S1 in the supplementary material).
Physical Function and Quality of Life
Upon initiating treatment with adalimumab plus 7.5 or 20 mg MTX/week, improvements were observed in both MTX dosage groups; most of the improvement occurred rapidly in the first 12 weeks and was maintained out to week 24 (Fig. 1a) . At week 24, both MTX dosage groups showed statistically significant and clinically meaningful improvements in HAQ-DI from baseline (p \ 0.001, Fig. 1b ) and met the MCID (decrease from baseline C 0.22); the improvements from baseline in HAQ-DI were statistically not significantly different for the two MTX dosage groups.
Over 24 weeks of treatment, improvements from baseline were observed in the SF-36 PCS and MCS in both MTX dosage groups (Fig. 2a,  c) . At week 24, patients in both dosage groups showed a significant (p \ 0.001) change from baseline, which was clinically meaningful (reaching the MCID, an increase [ 2.5) for PCS (Fig. 2b, d) were numerically slightly higher for the 20 mg MTX group. The MCS scores approached the normal population score (mean = 50). A moderate correlation between improvement in disease activity (measured by DAS28(CRP), and improvement in HAQ-DI (r = 0.56), SF-36 PCS (r = -0.46) and MCS (r = -0.33) at week 24, indicated that an improvement in disease activity was moderately associated with an improvement in physical function as well as physical and mental well-being.
Work Productivity and Activity Impairment
Upon initiating treatment with adalimumab plus MTX, in general, in the subdomains of WPAI, rapid improvement was observed by (Fig. 3a, c, e,  g ). After 24 weeks of treatment, statistically significant improvements from baseline were observed in presenteeism, overall work impairment, and activity impairment in both MTX dosage groups (p \ 0.001, Fig. 3d, f, h ). In the case of working hours missed due to RA, the improvement from baseline to week 24 was not statistically significant (Fig. 3b) . The mean improvement from baseline to week 24, for presenteeism, overall work impairment and activity impairment of the low-and high-MTX dosage groups were not statistically different from each other, although numerically slightly higher for the 20 mg MTX group in all but overall work impairment. For both dosage groups, the improvements in WPAI-presenteeism from baseline to week 24 were moderately correlated with the corresponding improvements in fatigue [i.e., SF-36 (vitality) r = 0.51 and 0.50 for low-and high-dosage MTX groups, respectively], and improvements in PGA-pain (r = 0.59 and 0.66, respectively). Improvements in presenteeism showed moderate-high correlation with improvements in HAQ-DI (r = 0.59 and 0.77) ( Table S2 in the supplementary material). The improvement in disease activity after 24 weeks of treatment was also moderately correlated to the improvement in WPAI-overall impairment (r = 0.47) and WPAI-regular activities impairment (r = 0.40).
Satisfaction with Medication
After 24 weeks of treatment, improvements from baseline were observed in all TSQM subdomains, except for TSQM-convenience, with rapid improvement in the first 4 weeks, which was maintained out to week 24 (Fig. 4a, c, e, g ). The improvements from baseline in TSQM-effectiveness and TSQM-global satisfaction subdomains were statistically significant for both MTX dosage groups (p \ 0.001, Fig. 4b, d, f, h ). The improvements from baseline to week 24 between the low-and high-MTX dosage groups were not statistically different for effectiveness, side effects, and global satisfaction. For each subdomain except TSQM convenience (which was lower), the changes from baseline to week 24 were numerically higher for the 20-mg MTX group. An improvement (reduction) in disease activity after 24 weeks of treatment was moderately correlated with an increase in general satisfaction (-0.40) and efficacy (-0.46) and weakly correlated with increased convenience (-0.23) and reduced dissatisfaction with side effects (-0.14).
Sleep Quality and Correlation with Physical and Mental Well-being
After 24 weeks of treatment, significant improvements (p \ 0.001) from baseline were observed in most subdomains of the MOS-II, with the exception of the domain ''awakened short of breath/-headache''. Most of the improvement was observed in the first 4 weeks and maintained to week 24 (Supplemental Figure 1) . The improvement from baseline in MOS-II between the lowand high-MTX dosage groups was not statistically different.
A moderate negative correlation was observed between physical well-being measured by SF36-PCS, and some individual domains of the MOS Index: Sleep Index 9 (''trouble staying awake'', r = -0. 
Sexual Impairment Due to RA
After 24 weeks of treatment, a statistically significant improvement in sexual impairment from baseline was observed for both MTX dosage groups, with the greatest improvement observed after 4-8 weeks of adalimumab initiation in a rapid manner (Supplemental Figure 2) . At week 24, the mean improvements from baseline for the two MTX dosage groups were similar and not statistically different.
DISCUSSION
In the MUSICA trial, we found that patients with established RA who were MTX-IR reported significant improvements in several aspects of their overall quality of life when adalimumab treatment was initiated in combination with MTX. The data from MUSICA show that PROs in MTX-IR patients initiating adalimumab were not statistically different between the 7.5-or 20 mg MTX doses, indicating the feasibility from the patients' perspective of using a lower dose of MTX upon adalimumab initiation. In general, the PROs showed a rapid improvement 4 weeks after adalimumab initiation in combination with MTX, which was maintained out to 24 weeks, suggesting that the dominant effect on PROs within 6 months is likely due to adalimumab initiation. In MUSICA, the primary endpoint of noninferiority of low-dosage MTX for DAS28(CRP) at week 24 compared to high dosage MTX was not met [12] . However, clinically significant improvements in disease activity were observed for both MTX dosage groups. Upon the addition of adalimumab, patients in both MTX dosage groups reported an improvement in physical functioning and achieved the MCID. Significant improvements were also observed in the physical and mental aspects of the health-related quality of life, as well as presenteeism, overall work impairment, and activity impairment.
The improvement in disease activity observed after 24 weeks was correlated with the improvements observed in physical function, physical and mental well-being, satisfaction with medication and impairment, which interfere with overall work productivity and regular activities.
The addition of adalimumab also led to lasting improvements in many aspects of sleep quality measured, including sleep disturbance, snoring, the quantity of sleep, somnolence during waking hours, and perceived sleep adequacy. The results are consistent with other studies demonstrating improved quality of sleep in patients with RA upon treatment with biologics [4, 18] . Generally, less sleep disturbance, decreased feelings of drowsiness, and less trouble staying awake were moderately correlated with increased physical and mental well-being. In MUSICA, improvements in vitality, pain, and physical function were associated with improvements in work presenteeism.
A previous study on MTX intolerance in RA and PsA patients showed that 6.2% of these patients were intolerant to oral MTX [11] . The MUSICA data demonstrate that PROs in patients with established RA and MTX-IR were not affected, or only slightly affected, by the two different doses of MTX in combination with adalimumab. Rather than ceasing combination therapy and forgoing its benefits, these data indicate that there may be room for individualization of therapy in the event of MTX intolerance or toxicity. Obtaining PRO data may be useful for helping clinicians with making decisions on MTX dose adjustments during treatment with adalimumab.
b Fig. 4 One limitation of the study was that patients entered the study with different previous dosages of MTX, ranging from 15 to 22 mg/week. This may confound the results as patients may have already experienced some improvement due to prior treatment. The duration of treatment and data collection only extended out to 24 weeks. In MUSICA, we cannot rule out that persistent levels of polyglutamated MTX may have contributed to the lack of difference observed between the two MTX dosage groups for many of the PROs assessed. The findings in MUSICA are similar to those in the CONCERTO trial [19] , where the initiation of treatment with a combination of adalimumab plus 2.5/5/10 or 20 mg/week MTX in treatment-naïve patients with early RA, led to similar improvements in a range of PROs including physical function, disease activity, sleep, and quality of life after 8 weeks [20] . The interpretation of the CON-CERTO results was not affected by prior MTX usage as it was in MUSICA, which was conducted in MTX-IR patients. However, while not the primary objective of the MUSICA study design, the collection of PRO data in this clinically relevant MTX-IR population is of value, and the observations from this trial are relevant to a real-world clinical setting, where bDMARDs are added in combination in patients with inadequate response to MTX.
CONCLUSIONS
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